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The present  paper  deals  with  the  lesions  produced  in  the skin  of
rabbits by means of a hemolytic streptococcus isolated from a human
case  of erysipelas,  and with the preparation  of an immune serum ca-
pable of protecting the skin against the injurious action of this organ-
ism.  Previous observers  have described  the lesions  produced by the
injection of streptococci  into the skin of animals and man.  In most
of the experiments in animals the injections have been made into the
skin covering the ear; and in certain instances a local spreading lymph-
angitis,  resembling  erysipelas,  has been  produced.  In  man,  typical
erysipelas  has  resulted  from the injection  of hemolytic  streptococci
made  for  therapeutic  purposes.  The  lesions  which  have  been  de-
scribed  as developing  in animals after injections  of streptococci  have
been  of several  types  and in  the past writers  have  not always  been
careful  to  distinguish  between  them.  No  attempt  will  be  made  to
review  the voluminous  literature  on the  experimental  production  of
erysipelas  or  streptococcal  lesions  in the  skin as  this  has  been  done
recently  by  Gay.,2
Method of Inoculation.
The  organism  employed  in  all  the  experiments  to  be  reported  was  isolated
from  a human  case of  erysipelas.  In  this case,  on account  of the development
Gay, F. P.,  and Rhodes,  B., J. Infect. Dis., 1922,  xxxi,  101.
2  Gay,  F. P., and Morrison,  L. F.,  J. Infect. Dis., 1923,  xxxiii, 338.
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of  a deep infiltration  10 days  following  the onset,  an incision  into the skin  was
made for therapeutic purposes and from  the fluid which escaped the streptococcus
was  isolated.  The  organism  is  morphologically  and  culturally  typical  of  the
class  of hemolytic  streptococci.  It  is  not highly  virulent  for rabbits  on intra-
venous or intraperitoneal  inoculation,-2  cc.  of an  18  hour broth  culture failing
to kill.  The organism has been kept as nearly as possible in its original state by
an occasional intracutaneous  passage through rabbits.
Suspensions  in 8  cc.  of Locke's  solution  of  the  bacteria  removed  from a  24
hour culture  on a blood agar  slant  were employed  for making  the inoculations.
After  the  suspensions had been  shaken  thoroughly  various  dilutions were made
as desired.  By means of a  tuberculin  syringe and a  22 gauge needle,  0.1  cc.  of
each  dilution  was  injected  intracutaneously  into  rabbits  shaved  over  the  sides
of  the  chest  and  abdomen.  Although  an  effort  was  always  made  to prevent
any  of the  inoculum  escaping  into  the subcutaneous  tissues,  it  is not  unlikely
that  in  some  instances  this  happened  to  some  extent.  Frequently  fifteen  or
twenty  intracutaneous  inoculations  made  at one  time  in a single  animal  were
survived.  Rabbits  vary  somewhat  in  susceptibility  to  skin  infections  with
streptococci.  Hence a comparison between the results of numerous inoculations
upon  a  single individual  yielded  results more  readily  interpretable  than  would
have been the case had they been made on different animals.
Description of Skin Lesions.
Marked reactions appeared about the sites of injection of the heavier
suspensions of streptococci.  The severity of these reactions  decreased
with diminishing concentrations  of the inoculum  (Fig. 1); and  usually
no  lesion was visible when  the  dilution of the  original bacterial sus-
pension  was greater  than  1:500.  Within  24  to 48 hours  the larger
lesions,  3  to 4  cm.  in diameter, were red,  hot,  and  edematous.  Fre-
quently the skin  over the  center  of the lesions  was  white  or purple
(Fig.  1).  The lesions increased in size and severity  and often  spread
ventrally  in  the  form  of red  edematous  bands.  The centers  of the
lesions  became  necrotic,  and  scabs  formed,  beneath  which  pus  col-
lected.  The lesions healed slowly,  often requiring a month to do so.
The  milder  ones  frequently  disappeared  without  becoming  necrotic.
This  type  of  lesion  was  considered  as  phlegmons  or  abscesses  and
was the usual kind of reaction to follow the inoculations of the strep-
tococcus employed in these experiments.
Besides the phlegmons,  in approximately  one of every  ten  rabbits
inoculated,  another  type  of  reaction  occurred.  In  these  instances
the  skin  appeared  red  and  somewhat  swollen  outside  of  the phleg-
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monous  areas.  The  reaction  extended  in  all  directions,  dorsally  as
well as ventrally,  and the  advancing margin of the lesion was  irregu-
lar  and  slightly  raised.  Near  the  margin  the  skin  was  bright  red,
while over  the moire  central portions it was  paler.  Not infrequently
such lesions  spread  to portions  of  the  skin  where  the  hair  had  not
been  removed.  When the  animal had received  several inoculations,
this type of reaction  usually  occurred around  only one of the phleg-
monous areas.  The spreading  of the inflammation usually continued
6 or 7 days and then the acute reaction subsided rapidly and was fol-
lowed by a marked desquamation  of the skin involved.  The central
phlegmonous  area,  however,  persisted  for  some  time.  This  second
type  of lesion  had many  of the  characteristics  which  one associates
with human  erysipelas.
Preparation  of  Immune  Serum.
An attempt was  made  to  produce  an immune  serum by repeated
inoculations  of streptococci  into  rabbits,  not  as  is usually  done  by
injecting  the bacteria  into the blood  or peritoneal cavity,  but by in-
tracutaneous inoculations.
Seven  rabbits  were  inoculated  intracutaneously  in  a  single  area
with 0.2  cc.  each of a suspension  of the streptococci.  In each rabbit
a large phlegmonous lesion resulted.  10 days later each of the rabbits
received  a second  injection.  The lesions  following  the second inocu-
lations  were  smaller  than  those  previously  observed.  After  7 days
the rabbits  received  a  third  inoculation.  The lesions resulting  from
these  inoculations  were  small,  reached  their maximum  size in  24  to
48 hours,  and frequently  disappeared without breaking  down.  Four
more similar inoculations  were made at weekly intervals.  Following
these  later injections  the reactions  were  mild.  Care  was taken  not
to inoculate the same  area  of the skin more than once.  8 days after
the seventh injection  the rabbits were anesthetized and bled from the
heart.  The  sera were  collected,  pooled,  inactivated,  and stored  on
ice.  Seven normal rabbits were bled as well.  Their sera were pooled
and stored to be used for control purposes.
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Demonstration of the Protective Properties  of the Immune Serum.
To  determine  whether  the serum  prepared  as described  possessed
any  protective  or  immunizing  properties  the  following  method  was
employed.
A series  of dilutions  of a  streptococcus  suspension  was  made.  Two  portions
of each dilution were taken; to one portion an equal quantity of the immune serum
was  added,  and to the second portion  an equal quantity  of  the  normal  serum.
0.1  cc.  of these mixtures was  injected immediately  into the shaved  skin  of the
same  rabbit.  On one side  of  the  animal,  mixtures  of  the immune  serum  and
dilutions  of the  streptococcus  suspension  were  inoculated,  on  the  other  side a
similar series of injections was made with mixtures of normal serum and dilutions
of the suspension of  organisms.
At the sites of inoculation  of  the mixtures  of immune  serum  and
streptococci  only a slight redness was seen 2 days after  the injections
(Fig. 2).  On the opposite side of the rabbit, however, where mixtures
of  normal  serum  and  streptococci  had  been  injected,  large  lesions
developed similar to those occurring after inoculations of streptococci
alone  (Fig. 1).  7 days after  the inoculations  the sides of the rabbit
exhibited a very striking contrast.  On that inoculated with mixtures
of  immune serum and  streptococci  only  small  nodules  without  nec-
rotic centers were seen (Fig. 4).  On  the opposite  side  (Fig. 3)  large
nodules  filled  with  pus  and  covered  by  scabs  were  present.  This
experiment has been repeated many times and the results were always
just as striking as those described.  Always at  the  sites  where  nor-
mal  serum  plus  streptococci  were  injected  large  lesions  appeared.
Inoculations  of  streptococci  plus  serum  from  treated  animals  were
followed by little if any reaction.  The evidence was convincing that
a  true immune serum capable  of warding off  the injurious action  of
the  streptococci  on  the  skin had  been  developed  in response  to  re-
peated  intracutaneous  inoculations  of the organism.
DISCUSSION.
The  reasons  why  in  some  animals  and at  some  situations  an  ery-
sipelas-like  lesion  developed,  not  the ordinary  phlegmon,  have  not
yet become  apparent.  It  seems quite  evident,  however,  that  some-
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thing  more  than  the  mere  intradermal  injection  of  the  hemolytic
streptococcus  in a  shaved rabbit  is necessary  for the development  of
such  a  lesion.  This  problem  deserves  and  will  be  given  further
study.
Should the  method  here  described  for demonstrating  the  immune
properties  of  antistreptococcus  serum prove  of general applicability,
it will be found to possess a number of advantages.  To determine the
protective  action  of an antibacterial  serum  by intraperitoneal  injec-
tion,  as  for  instance  in  testing  antipneumococcus  serum,  requires
that  the organism  employed  be maintained at a  constant  and high
level of virulence.  This is diffcult or impossible in the case  of strep-
tococci  as  is well  known.  Tests of  the protective  action of sera  by
in vitro methods, as by agglutination or precipitation, are recognized as
being of doubtful value in most cases.  It is possible that the method
may be of value not only to determine the potency  of sera  for thera-
peutic purposes but for tests of the specificity of different strains of the
streptococcus  and for the solution of certain obscure facts concerning
immunity  to  streptococci.
SUMMARY.
Cultures of  a hemolytic  streptococcus  isolated from a  human case
of  erysipelas  were  tested  for ability  to  produce  lesions  by injecting
various  amounts  intradermally  in  shaved  rabbits.  Severe  lesions
could be developed at will in this way despite the fact that intravenous
or  intraperitoneal  inoculations  of  large  doses  of  the  cultures  failed
to kill.  The  lesions were  of two  sorts,  phlegmonous  and  erysipelas-
like.
A serum  capable of warding off  the injurious  action of the strepto-
coccus on the skin was procured  from  animals  receiving repeated  in-
tracutaneous  inoculations  of  the  organism.  Normal  serum  by  con-
trast had no  protective effect.
By intradermal  injections  at  several  points  in  the  same  normal
rabbit  of  small  quantities  of  mixtures  of  equal  parts  of  serum  and
various  dilutions  of  a  suspension  of  streptococci  it proved  possible
to test sera for the presence  of substances protective against the strep-
tococcus.
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EXPLANATION  OF  PLATE  9.
FIG.  1.  Lesions on the right side of Rabbit A 48 hours after the intracutaneous
injection  of 0.1  cc. of mixtures of equal parts of normal serum  and various dilu-
tions  of  a  streptococcus  suspension.  The  doses  of streptococci  were  decreased
from left to right.
FIG.  2.  Lesions on the left  side of Rabbit A 48 hours after the intracutaneous
injection of 0.1 cc. of mixtures of equal parts of immune serum and various dilu-
tions  of a streptococcus  suspension.  The  doses of streptococci  were  decreased
from right to left.
FIG. 3.  Same as Fig. 1, 5 days later.
FI. 4.  Same as Fig. 2, 5 days later.THE  JOURNAL  OF  EXPERIMENTAL  MEDICINEVOL.  XLI.
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